The ethanol extract of the rhizomes of Kaempferia marginata showed a potent inhibitory effect against lipopolysaccharide (LPS)-induced nitric oxide (NO) and tumor necrosis factor-alpha (TNF-α) release in RAW264.7 cells. Moreover, the partition with various organic solvents also inhibited NO production. One new pimarane-type diterpene, 1-acetoxysandaracopimaradien-2-ol (5), along with four known diterpenes (1-4), were isolated from the n-hexane and chloroform layers, respectively. Among these metabolites, compounds 1 and 4 were isolated for the first time from K. marginata. Compounds 1-5 showed significant inhibitory effects on NO production, with IC 50 values ranging from 38.6 to 51.9 µM. Furthermore, compound 2 also exhibited significant activity against TNF-α release (IC 50 = 48.3 μM). These findings may support the use of K. marginata by traditional doctors for treatment of inflammatory-related diseases.
Inflammation is a complex response of the body to cell damage and vascularized tissues. The inflammatory responses are controlled by cytokines. Macrophages play an important role in inflammatory diseases relating to over production of pro-inflammatory cytokines, including interleukin (IL)-1, IL-6 and tumor necrosis factor (TNF)-, and inflammatory mediators including reactive oxygen species (ROS), nitric oxide (NO) and prostaglandin E 2 (PGE 2 ), generated by activated inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX)-2 [1] . Production of these macrophage mediators has been determined in many inflammatory tissues, along with increased expression of their mRNAs, following exposure to immune stimulants, including bacterial endotoxin lipopolysaccharide (LPS). Thus, inhibition of the production of these inflammatory mediators is an important target for treatment of inflammatory-related diseases.
NO is a gaseous free radical produced by iNOS from the amino acid L-arginine. It plays a role in various physiological and pathophysiological conditions such as immunoregulatory and inflammatory processes. NO is involved in cancer, rheumatoid arthritis, diabetes, liver cirrhosis, septic shock and cardiovascular diseases [2] . TNF- is a pro-inflammatory cytokine that is derived from a number of cells, but its main sources are macrophages and monocytes. It can stimulate the release of other cytokines such as platelet activation factor (PAF) and chemokines, as well as the expression of adhesion molecules and inducible enzymes [3,4a] . TNF- increases the expression of the COX-2 gene in human gingival fibroblasts (HGF), which then leads to an increase in PGE 2 formation [4b]. Therefore, the inhibition of nuclear factor kappa B (NF-B) activation and the production of the pro-inflammatory mediators (NO, PGE 2 ) and pro-inflammatory cytokine (TNF-) is an important therapeutic consideration in development of antiinflammatory agents [5] .
Kaempferia (Zingiberaceae) comprises about 60 species [6, 7] . In Thailand, several Kaempferia species (i.e., K. grandifolia, K. galanga, K. marginata, K. parviflora, K. elegans and K. roscoeana) are well known for their ethnomedicinal uses by local people [6, 8] . K. marginata Carey, locally known in Thai as proh-paa, is a Thai medicinal plant and its roots have been used in the treatment of allergy, fever and swollen leg. Chemical constituents that have been reported for the genus Kaempferia include cyclohexane oxide derivatives, chalcone derivatives, cinnamates, diterpenes, monoterpenes and flavonoids. A preliminary biological assay of K. marginata indicated that the dichloromethane extract of whole plants exhibited activity against the malarial parasite Plasmodium falciparum with an IC 50 value of 26.4 µg/mL. Six pimarane-type diterpenes were isolated [9].
The ethanol extract, and n-hexane, chloroform, ethyl acetate and water fractions from K. marginata rhizomes were investigated for their inhibitory activities against LPS-induced NO production in RAW 264.7 cell line (Table 1 ). The effect of each fraction on RAW264.7 cell viability was also determined using the MTT assay. The result showed that at the highest dose (100 μg/mL), the cell viability was less than 80% when treated with the EtOH extract, and n-hexane and chloroform fractions; whereas those of other fractions were non-toxic (% viability >80%). The K. marginata extract was also tested on LPS-induced TNF- release from RAW264.7 cells. The n-hexane fraction exhibited the highest inhibitory effect on TNF- release (IC 50 = 19.7 μg/mL), whereas those of the ethanol extract and chloroform fraction were found to be 25.5 and 26.4 μg/mL, respectively ( Table 1 ). The n-hexane and chloroform fractions of K. marginata showed high activity against both NO and TNF- release. These fractions were then further subjected to column chromatography to obtain five compounds ( Figure 1 ), which were tested for their NO inhibitory effects. The result indicated that sandaracopimaradien-7-one (1) and sandaracopimaradien-1,2diol (2) exhibited the highest activity against NO release with an IC 50 value of 38.6 μM, followed by 2-acetoxysandaracopimaradien- -1-ol (3, IC 50 = 42.1 μM), 1-acetoxysandaracopimara-dien-2-ol (5, IC 50 = 46.4 μM) and ent-sandaracopimaradien-2-ol (4, IC 50 = 51.9 μM). The NO inhibitory activity of compounds 1-5 were comparable with that of indomethacin (IC 50 = 38.8 μM) ( Table 2 ). Compound 2 also showed good activity against TNF- release (IC 50 = 48.3 μM), whereas the other compounds were inactive (IC 50 > 100 μM) ( Table 2 ). The mRNA expressions of iNOS, COX-2 and TNF- were determined by RT-PCR. The mechanism at the transcriptional level revealed that the ethanol extract of K. marginata rhizomes downregulated the mRNA expressions of iNOS, COX-2 and TNF- genes in dose-dependent manners ( Figure 2 ).
In the acute toxicity test, K. marginata extract up to 2 g/kg, orally as a single dose, did not produce any clinical sign of toxicity, including convulsion, hyperactivity, sedation, respiratory depression and loss of righting reflex. This result indicated that K. marginata extract has no toxicity. 13 C NMR data, it was apparent that three rings were present in the molecule. The longrange 1 H-13 C NMR correlations between a methyl proton signal at  H 1.00 and the 13 C signal at  C 148.5, as well as correlations between a vinylic proton at  H 4.87 and 4.85 and a quaternary 13 C signal at  C 37.3 indicated a pimarane diterpene skeleton with a vinyl group attached to C-13. The 1 H-13 C HMBC NMR correlations between H-1/C-2, C-3, C-5 and C-20; H-2/C-1 and C-2; and H-3/C-1, C-2, C-5, C-18 and C-19 placed acetoxyl and hydroxyl groups at C-1 and C-2, respectively. The correlations between H-14/C-7, C-9, C-15 and C-17 indicated the double bond at C-8(14) ( Figure 3 ). Furthermore, the relative stereochemistry of 5 was obtained using splitting pattern analysis by comparison with 2. . The splitting pattern data of H-1 and H-2 of 5 suggested that its stereochemistry was similar to that of 2, and, therefore, the configuration of H-1 and H-2 of 5 was clarified as. Hence, the -stereochemistry of 5 was determined to be the same as that of 2. From these spectral data, compound 5 was identified as 1-acetoxysandaracopimaradien-2-ol. The structures of compounds 1-4 were elucidated by spectroscopic methods (1D and 2D NMR experiments and MS analysis) and were confirmed by comparison with published data [10-12a,b ].
This study is the first report of compounds 1 and 4 from K. marginata rhizomes. Compound 1 was first isolated from Salvia parryi, whereas 4 has been isolated from the New Zealand liverwort Trichocolea mollissima [10] . Compounds 2 and 3 have been assayed for topical anti-inflammatory activity in the 12-Otetradecanoylphorbol-13-acetate-induced ear edema model in rats. Both substances were active and the ID 50 values were estimated to be 330 and 50 g/ear, respectively, whereas the ID 50 value of the reference drug, diclofenac, was calculated as 90 g/ear [12c]. It is concluded that the present study may support the use in traditional medicine of K. marginata rhizomes for treatment of inflammatoryrelated diseases through the inhibition of NO, PGE 2 and TNF- releases. The mechanism at the transcriptional level was found to suppress iNOS, COX-2 and TNF- genes expression.
Experimental

Plant material and preparation of extract:
The rhizomes of K. marginata were bought from the local market in Bangkok in May 2010. A voucher specimen was identified by Mrs Pranee Rattanasuwan (SKP 206111301). Three kg dried weight of K. marginata were ground and macerated with ethanol at room temperature, 4 times (6 L, 4×). The EtOH extract (971.5 g, 32.4% w/w) was then concentrated and partitioned between water and n-hexane, and successively partitioned with chloroform and water. After that, the water layer was partitioned with ethyl acetate (EtOAc). Each partition was evaporated to dryness in vacuo to give residues of n-hexane (560.9 g), chloroform (199.7 g), EtOAc (57.3 g) and water fractions (24.0 g), respectively.
Isolation of compounds from Kaempferia marginata extract:
The n-hexane fraction (100 g) was chromatographed on silica gel (450 g) by vacuum liquid chromatography. The column was eluted with n-hexane/EtOAc (0-100%), followed by EtOAc/methanol (0-50%) to afford 13 fractions (A-M). Fraction A (0.07 g) was subjected to silica gel CC by elution with n-hexane, n-hexane/EtOAc (0-100%) to afford 7 fractions. Fraction 4 gave sandaracopimaradiene-7-one (1, white crystals, 0.0125 g, 0.0125%, w/w) [10a, 11,12a] . Fraction F (1 g) was purified by recrystallization to give sandaracopimaradien-1,2-diol (2, white solid, 0.23 g, 0.23%, w/w) [12b]. The chloroform fraction (100 g) was separated on a quick column eluting with chloroform and chloroform/methanol (0-50%) to afford 8 fractions (A-H). Fraction E (5 g) was then purified by recrystallization to give 2-acetoxysandaracopimaradien-1-ol (3, white crystals, 4 g, 4%, w/w) [12b]. Fraction C (4 g) was subjected to silica gel CC with n-hexane/dichloromethane (0-100%) to afford 8 subfractions (C1-C8). Subfraction C5 (0.090 g) was then separated by preparative TLC, using 10% EtOAc/n-hexane to obtain ent-sandaracopimaradien-2-ol (4, white solid, 0.013 g, 0.013%, w/w) [10b]. Fraction B (11 g) was chromatographed using n-hexane/chloroform to afford 4 subfractions (B1-B4). Subfraction B3 (8 g) was separated over a silica gel column with chloroform to afford 3 fractions (B3/1-B3/3). Fraction B3/1 (0.055 g) was further chromatographed over a silica gel with chloroform to afford 8 fractions (B3/1A-B3/1H). Fraction B3/1F (0.040 g) was then separated by preparative TLC, using dichloromethane to obtain 3 fractions (B3/1Fa-B3/1Fc). Fraction B3/1Fb was then chromatographed on a column of silica gel (0.030 g). The column was eluted with 5% EtOAc/n-hexane to finally obtain 1-acetoxysandaracopimaradien-2-ol (5, colorless oil, 0.023 g, 0.023%, w/w). 
1-Acetoxysandaracopimaradien
Inhibitory effect on LPS-induced NO release using RAW264.7 cells:
The inhibitory effect on NO production by murine macrophage-like RAW264.7 cells was evaluated using a method modified from that previously reported [13] . Briefly, the RAW264.7 cell line [purchased from cell lines service (CLS)] was cultured in RPMI medium supplemented with 0.1% sodium bicarbonate and 2 mM glutamine, penicillin G (100 units/mL), streptomycin (100 g/mL) and 10% FCS. The cells were harvested with trypsin-EDTA and diluted to a suspension in a fresh medium. The cells were seeded in 96-well plates with 1 × 10 5 cells/well and allowed to adhere for 1 h at 37ºC in a humidified atmosphere containing 5% CO 2 . After that, the medium was replaced with a fresh medium containing 1 g/ mL of LPS, together with the test samples at various concentrations, and was then incubated for 48 h. NO production was determined by measuring the accumulation of nitrite in the culture supernatant using Griess reagent and detection of the color at 570 mm. Cytotoxicity was determined using the 3-(4,5dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) colorimetric method. The test compounds were considered to be cytotoxic when the optical density of the sample-treated group was less than 80% of that in the control (vehicle-treated) group. 
Inhibitory effects on LPS-induced TNF- release using RAW264.7 cells:
The murine macrophage-like RAW264.7 cells were grown and maintained in RPMI medium supplemented with 0.1% sodium bicarbonate and 2 mM glutamine, penicillin G (100 units/mL), streptomycin (100 µg/mL) and 10% fetal bovine serum (FBS) in plastic culture flasks at 37ºC, in 5% CO 2 , in a fully humidified incubator. The cells were harvested with 0.25% trypsin-EDTA and re-suspended in a fresh medium. Cell counts were measured using a standard trypan blue cell counting technique. The cell concentration was adjusted to 1 × 10 6 cells/mL in the same medium. One hundred µL of cells suspension were seeded in 96well culture and incubated for 1 h at 37ºC in a 5% CO 2 incubator to promote adherence to the bottom of the well. After that, the medium was replaced with LPS in RPMI 1640 (1 µg/mL), which is the triggering agent for TNF- production. After that, the samples in various concentrations (3-100 µg/mL for crude extracts and 3-100 µM for pure compounds) were dispensed into the wells. The cells were incubated for 48 h under the same condition. The supernatant was transferred into a 96-well ELISA plate and then the TNF- concentration was determined according to the manufacturer's instruction. Absorbance at 450 nm was recorded using a microplate reader.
Total RNA isolation and RT-PCR:
In order to understand the mechanism of action on cytokine release of the extract, the assays for mRNA expression of iNOS, COX-2 and TNF- were carried out. The total RNA was isolated from RAW264.7 cells and was harvested after 20 h of incubation with various concentrations (3, 10, 30, and 100 M) of samples using the RNeasy Mini Kit (Qiagen Operon Co. Ltd., USA). The total RNA from each sample was used for cDNA synthesis using first strand cDNA synthesis kit (Rever Tra Ace-, TOYOBO Co., Ltd., Japan), followed by RT-PCR (Rever Tra Dash, TOYOBO Co., Ltd., Japan). The primers used for iNOS and COX-2 were as follows: forward primer for iNOS: 5-ATCTGGATCAGGAACCTGAA-3 and its reverse primer: 5-CCTTTTTTGCCCCATAGGAA-3; forward primer for COX-2: 5-GGAGAGACTATCAAGATAGTGATC-3 and its reverse primer: 5-ATGGTCAGTAGACTTTTACAGCTC-3; forward primer for TNF-: 5-TCTGTCTACTGAACTTCGGG-3 and its reverse primer: 5-AGATAGCAAATCGGCTGACG-3; forward primer for -actin (an internal standard): 5-TGTGATGGTGGGAATGGGTCAG-3 and its reverse primer: 5-TTTGATGTCACGCACGATTTCC-3. The solution for cDNA synthesis consisted of RNA solution 11 L, 5 × RT buffer 4 L, dNTP mixture (10 mM) 2 L, RNase inhibitor (10 U/L) 1 L, Oligo(dT) 20 1 L and Rever Tra Ace (reverse transcriptase enzyme) 1 L for a 20 L reaction. The conditions for cDNA synthesis were as follow: 42ºC for 20 min, 99ºC for 5 min and 4ºC for 5 min. After that, 1/10 times (2 L) of cDNA product was used further for PCR. The PCR mixture consisted of RT reaction mixture (cDNA product) 2 L; dH 2 O (RNase free water) 85 L, 10× PCR buffer 10 L, forward primer (10 pmol/L) 1 L, reverse primer (10 pmol/L) 1 L and KOD Dash (polymerase enzyme) 1 L for a final volume of 100 L. The conditions for PCR were as follows: denaturation at 98ºC for 30 s, 60ºC for 30 s and 74ºC for 1min (30 cycles). The 580 base pairs (bp) of iNOS, 860 bp of COX-2, 347 bp of TNF- and 514 bp of -actin DNA fragments were analyzed by electrophoresis in a 1.2% agarose gel and visualized by SYBR ® safe staining and UV irradiation at a wavelength of 312 nm.
Acute toxicity test of Kaempferia marginata extract in mice:
The up-and-down method described by Bruce [14] was used in this study. The method used for the acute toxicity test has been developed and statistically evaluated and permitted a reduction in the number of animals used. The first dose was 300 mg/kg and this was adjusted by a constant multiplicative factor of 1.5 up to 2 g/kg. The crude extract of K. marginata was orally administered to a group of mice both male and female. Behavior parameters such as convulsion, hyperactivity, sedation, grooming, loss of righting reflex and increased or decreased respiration were observed during a period of 8 h and 7 days after administration. Food and water were given ad libitum.
Statistical analysis:
The results were expressed as a mean ± S.E.M of 4 determinations for each sample. The IC 50 values were calculated using the Microsoft Excel program. Statistical significance was calculated by one-way analysis of variance (ANOVA), followed by the Dunnett's test.
